Summary: During the last century, the world population has shown a staggering increase in its proportion of elderly members and thus neurodegenerative diseases like Alzheimer's disease (AD) and Parkinson's disease (PD), respectively, are becoming an increasing burden on society. Among the diverse, significant challenges facing clinicians, is the improvement of diagnostic measures to detect early and subtle symptoms, a phase in which prevention efforts might be expected to have their greatest impact and provide a measure of disease progression that can be evaluated during the course of drug treatment. At present, clinical diagnosis of AD and PD is based on a constellation of symptoms and manifestations, although the disease originated several years earlier. Given the multiple etiological nature of AD and PD, it is reasonable to assume that the initial causative pathobiological processes may differ between the affected individuals. Therefore, the availability of biological markers or biomarkers will help not only early disease diagnosis, but also delineate the pathological mechanisms more definitively and reliably than the traditional cognitive and neurological phenotypes. In the current article, we review the literature on biochemical, genetic, and neuroimaging biomarkers and discuss their predictive value as indicative for disease vulnerability to detect individuals at risk for PD and AD, and to determine the clinical efficacy of novel, disease-modifying (neuroprotective) strategies.
INTRODUCTION
During the last century the world population has shown a staggering increase in its proportion of elderly members. All epidemiological studies show a strong correlation between age and the prevalence of Parkinson's disease (PD) and Alzheimer's disease (AD). Both AD and PD are neurodegenerative disorders sharing a number of characteristics in common; both have unknown causes (except for the genetic forms), are inevitably progressive, and have a long preclinical period. In the age group of 60 to 64 years of age, the prevalence of dementia is below 1%; it then doubles approximately every 5 years, reaching a prevalence of about 50% among those age 90 years or older. 1, 2 As for PD, approximately 1 to 2% of the population over 65 years suffers from the disease. This figure increases to 3 to 5% in people 85 years and older. This high frequency is important in terms of social policy, because it frequently marks the need for permanent nursing care. 3 Currently, a clinical diagnosis of both diseases can be made when the first motor symptoms occur, although most probably the disease originated several years earlier. Furthermore, at its initial stages, PD may be confounded by other diseases, such as essential tremor, multiple system atrophy, and progressive supranuclear palsy. 4 Similar to PD, the pathological process characteristic of AD begins decades before the first symptoms of brain failure, thus making it difficult to reliably identify pathology based on the clinical phenotype alone. AD may coincide with many other dementing disorders, in-cluding vascular dementia, dementia with Lewy bodies (DLB), supranuclear palsy and others. 5, 6 The increasing prevalence of AD and PD motivate the drive to develop diagnostic biological markers or biomarkers (BMs) to reliably identify the pathology associated with these disorders, particularly at an early stage of the pathologic process. It is also quite possible that BMs may also help to identify subclasses of the disorders. 7 Therefore, the availability of BMs for early disease diagnosis will impact the management of AD and PD in several dimensions: first, it will allow the capture of high-risk individuals before symptoms develop, a phase in which prevention efforts might be expected to have their greatest impact; second, it will help to discriminate between true AD or PD and other causes of a similar clinical syndrome. Of particular importance, a BM may help determination of the clinical efficacy of new neuroprotective therapies. The development of neuroprotective strategies is greatly hindered by the lack of markers capable of serving as surrogate objective endpoints for clinical trials testing these treatments. Among the diverse, significant challenges facing the clinicians, is the improvement of diagnostic measures not only to detect early/subtle symptoms, but also to provide an index of disease progression that can be evaluated during the course of drug treatment. Regrettably, clinical endpoints such as changes in patient's features, or the time it takes to reach the onset of specific disease-associated disabilities, may vary drastically between patients or clinical raters and require long trial durations before significant effects are seen, thus not being accurate measures of disease progression. Also, the current assessment of clinical disease improvement does not allow for a clear distinction between symptom-masking versus diseasemodifying therapies.
Neurodegeneration in PD and AD appears to be multifactorial, whereby several biochemical processes operate sequentially and/or in parallel. It is quite clear that similar or identical pathological lesions can be the consequence of multiple environmental and genetic susceptibility factors, and thus, the initial causative biological processes may differ between the affected individuals. This will have important implications as to whether identical BMs will be reflected in each etiologic subtype. Future BMs must therefore gain insight into processes underlying the pathological changes (either biochemical or regional), and act as surrogate endpoints for clinical outcomes, which would greatly improve the ability to test new disease-modifying strategies.
This review will elaborate on the available selection of biochemical, genetic, and imaging BMs for AD and PD, with a particular reference to their potential for effective early prediction and monitoring of disease progression and treatment.
BIOMARKERS FOR AD
A variety of neurodegenerative pathologies are associated with the development of late life dementia, whereas AD is considered by far the most prevalent. Sixty to 75% of all cases of dementia are diagnosed as AD, 1, 8 which is associated with progressive memory deterioration and disordered cognitive function resulting from a loss of cholinergic transmission in cortical brain regions innervated by neurones arising in the nucleus basalis of Meynert. The presence of extracellular plaques containing deposits of proteins, particularly ␤-amyloid, and intracellular neurofibrillatory tangles (NFTs) are hallmarks of the pathology of AD and are believed to contribute to the cognitive deficit. These may result from destructive processes involving the disruption of microtubule assembly and synaptic loss, rather than its cause. They could contribute to further neuronal damage and disease progression. 9 The clinical diagnosis of demented patients is far from perfect. At present, diagnosis is based on a clinical constellation of symptoms and manifestations. To reach a consensus, diagnostic criteria have been formulated; for example, the Diagnostic and Statistical Manual of Mental Disorders (DSM) or the International Classification of Diseases (ICD) criteria, and more specific ones such as McKhann's criteria. 10 BMs based on detection of pathology may diagnose the process more definitively and reliably than the traditional cognitive and behavioral phenotypes (FIG. 1) . Strategies to accomplish these include, for example: 1) the detection of altered levels of tau and amyloid proteins in CSF, 2) the use of structural MRI to identify disease-specific patterns of regional or generalized atrophy, and 3) direct imaging of amyloid deposits using positron emission tomography (PET) and single photon emission computerized tomography (SPECT). At present, diagnostic markers are used extensively in the clinic (Table 1) , but mainly as exclusionary markers; for example, elevated levels of 14-3-3 or tau protein in the CSF, characteristic EEG discharges and MRI signals, which suggest the existence of prion diseases "exclude" the diagnosis of AD.
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There are several reasons for the emerging need to incorporate BMs into diagnostic criteria used by clinicians to identify the pathology responsible for the patient's cognitive failure. These include: 1) the fact that a single type of pathology can produce a variety of different types of cognitive and behavioral symptoms, making it difficult to reliably identify the pathology based solely on the clinical phenotype. Even more important is the recognition that a variety of neurodegenerative and vascular pathologies can coexist, and in fact it seems that most patients with late life dementia have mixed pathologies underlying the cognitive deterioration. 2) A particular problem is whether AD can be detected at a very early stage, much before clinical criteria sufficient to diagnose dementia appear. This will become especially important in cases in which treatment can achieve maximum benefit, when it is given in the earliest stages of the disease. 12, 13 The definition of AD is based on the final result, the accumulation of ␤-amyloid deposits and NFTs. It is quite clear that similar, or identical, pathological lesions can 4. To monitor effects of intervention on the evolution of the disease.
5. To gain insight into processes underlying the pathological changes (either biochemical or specifically brain defined area of interest).
GENETIC MARKERS OF AD
Molecular genetic studies of neurodegenerative disorders have been useful both in identifying genes that may be causative or associated with specific diseases and in uncovering functional mechanisms subserved by products of those genes that may be markers for diagnosis or early detection. Genetic studies provide information to assess who is at risk, but except for the case of rare genetic disorders, they do not provide complete information when, or if, those identified as being "at risk" may expect the onset of neurodegeneration.
In the case of AD, mutations in several genes are now known to cause the disorder in families with an autosomal dominant pattern of inheritance. Detection of the mutations in these genes can identify at-risk family members, but it is not generalizable to sporadic AD. 15, 16 In AD, the identification of ␤-amyloid precursor protein and presenilin 1 and 2 mutations has strengthened the amyloid hypothesis and identified potential sites for pharmacological interventions.
An important relevant issue is the genetic association with the increased risk of developing AD in families that carry the apolipoprotein E 4 allele. ApoE is a protein involved in the transport of cholesterol. Three apoE gene alleles are described (2, 3, and 4). A growing volume of evidence has reported an association of apoE 4, late-onset familial, and sporadic AD. 17 As many as 40 to 50% of AD patients possess 4 allele compared to 15 to 25% of controls. 18 Subjects homozygous for 4 are reported to have a 6-to 8-fold increased risk of developing AD compared to the risk of heterozygotic subjects (increased by 2-to 4-fold) 17 and, to date, no other late onset AD (LOAD) gene has been conclusively proven.
Obviously, genetic markers are by themselves not sufficient to make a clinical diagnosis of AD. The mutation, if it exists, has been there since conception and birth of an individual. Thus, a person carrying a disease-causing mutation is not immune to the development of other diseases, and the diagnosis must be supported by clinical evidence.
Ultimately, sensitive methods for identifying genetic background may provide a better means for characterizing a statistical risk before disease manifestation. Nevertheless, it seems logical to assume that effective identification of the disease must combine genetic characteristics with identifying a clinical phenotype and/or additional BMs, either for early detection or for the more correct diagnosis of an already existing disease.
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NEUROIMAGING MARKERS
During the past decade, neuroimaging has emerged as a strategy to define neurodegenerative disorders' phenotype in both preclinical and early clinical disease stages. Imaging provides a window to the underlying processes in these disorders, since loss of brain volume is one of the earliest consequences of neuron death.
Structural imaging using MRI
While helpful in supporting the diagnosis of AD, this approach is confounded by the presence of atrophy due to other pathological processes and the generalized atrophy that occurs as part of normal aging. 20, 21 One way to confront this problem is to use measurements of multiple anatomically specific brain volumes other then the hippocampus and entorhinal cortex that are affected by AD. Examples include: the amygdale, superior temporal sulcus, cingulate gyrus, temporal-parietal regions, and the frontal lobe. This provides the potential to increase the diagnostic power of MRI-derived atrophy measurements by additional anatomically defined areas. 22 By modifying existing clinical MRI acquisition protocols to incorporate measures of T 1 relaxation time, it is possible to quantify the accumulation of abnormal protein aggregates in anatomically-defined brain regions. This opens the possibility of developing MRI-based molecular imaging BMs for AD-related pathology that could be used in healthcare facilities. 23 Proton MR spectroscopy ( 1 H MRS) is a diagnostic imaging technique that is sensitive to changes at the cellular level. With 1 H MRS, several of the major protoncontaining metabolites in the brain can be measured during a common data acquisition period. The metabolite N-acetyl aspartate (NAA) is a marker for neuronal integrity. NAA decreases in a variety of neurological dis-orders, including clinically diagnosed AD. 24, 25 The decrease of NAA or the NAA/creatine (Cr) ratio was observed in the posterior cingulate of AD patients. 26, 27 In patients with mild to moderate AD, NAA/Cr levels are lower than normal in the medial occipital lobe, including the visual cortex. This regional pattern is in agreement with the distribution of the neurofibrillary pathology, and associated neuron loss in people with mild to moderate AD, indicating that NAA/Cr levels are potential surrogates for early detection of AD and for disease progression. 28 Another metabolite peak of interest in the 1 H MRS of the brain in AD is the choline (Cho) peak. The largest amount of choline in the brain is in choline-bound membrane phospholipids that are precursors of choline and acetylcholine synthesis. It has been postulated that the elevation of Cho peak is the consequence of membrane phosphatidylcholine catabolism to provide free choline for the chronically deficient acetylcholine production in AD. 29 This appears to be useful in detection of presumed pathologic changes in people with clinical diagnosis of AD. Lower, NAA levels, NAA/Cho has also been observed at the preclinical or MCI stage.
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PET and SPECT
AD is associated with metabolic impairments that often have a "typical" pattern, initially affecting the parietal and temporal lobes, as well as posterior cingulate cortex, before progressing to the frontal lobes and other brain structures. This metabolic activity can be visualized using 18 F-2-fluoro-deoxy-D-glucose PET and the pattern of involvement is often useful in distinguishing AD from other late-life dementia. 31, 32 The impaired metabolic activity may, in part, be due to a loss of neurons in these areas and may be a sign of reduced activation (e.g., reflecting synaptic loss). 33 Evidence exists that the pattern of temporal and parietal hypometabolism and hyporeperfusion are reasonably sensitive and specific to AD. Although differentiation of AD from normal aging seems clinically irrelevant, the evidence for the ability of PET and SPECT to detect functional abnormalities in very mild dementia has considerable importance in the early diagnosis of dementia. 34 -36 More recently, radioactive ligands have been developed to visualize aggregation of amyloid-beta (A␤) peptides. The benzothiazole-derived [
11 C]-Pittsburgh compound B PET ligand is an early example. It is retained in areas of the brain known to harbor amyloid plaques and increased levels can be demonstrated in some individuals with MCI, although abnormal retention can also occur in individuals with normal cognition. 37, 38 Routine SPECT images provide a qualitative visual map of cerebral perfusion and have been used for many years in the evaluation of patients with cognitive impairment as a surrogate marker of impaired neuronal metabolism. 39 Recently, compatible amyloid ligands have been developed. These ligands can be readily radiolabeled for in vivo imaging using SPECT or PET. These means provide the ability to quantiate amyloid plaque burdens in AD patients.
BIOCHEMICAL MARKERS-SERUM AND CSF
The most common measurements of the CSF, regarding AD, focus on the tau protein and A␤-peptides. Neurofibrillar protein aggregates containing phosphorylated tau are one of the major hallmarks of AD. In AD, tau becomes abnormally phosphorylated, aggregates into paired helical filaments, and loses its ability to maintain the microtubule tracks. A␤-peptides result from enzymatic breakdown of amyloid precursor protein by ␣-, ␤-, and ␥-secretases and make up the main part of amyloid deposits in AD. 40 Quantification of tau and A␤ in the CSF represent the most intensively studied BM of AD. 41 Approximately 80% of patients who meet clinical criteria for AD have elevated levels of CSF tau. 42 Autopsy studies confirmed this association and validated the relationship between high levels of CSF tau and a pathologic diagnosis of AD. 43 Arai et al. 44 have found that high CSF total tau (t-tau) could discriminate between memory-impaired individuals that later progressed to AD, and those that did not convert. Other authors 45 have shown that the absolute level of CSF tau in patients with AD did not correlate with the severity or duration of the dementia. Another line of recent evidence suggests that CSF tauprotein phosphorylated at threonine 231-CSF p-tau 231 declines during the natural course of AD. Seventeen pharmacologically untreated patients with AD were followed up to 6 years with repeated serial CSF measurements. CSF p-tau 231 concentration, but not t-tau, decreased over time in AD, independent of age. Rate of change was inversely correlated to the Mini Mental State Examination (MMSE) score at baseline and provided objective measure for the cognitive decline. 46 These results suggest that CSF p-tau 231 may have the potential to track AD progression, and may be a valuable tool to map effects of disease-modifying drugs on AD specific neurodegeneration.
A␤ is especially prone to fibrillization and disproportionally accumulates in extracellular lesions in AD brains, and was found to be reduced in the CSF of AD patients. 42, 43 The reduction in CSF A␤ in AD has been hypothesized to reflect a deposition of the peptide in senile plaques, with lower levels diffusing to the CSF. Thus, according to Galasko et al., 47 decrease in A␤(1-42) in AD is probably the most consistent BM finding. A␤ alone showed a sensitivity of 78%, and a specificity of 81%, in distinguishing AD patients from elderly controls. However, studies correlating CSF A␤ protein concentrations with cognitive performance in AD were, in part, contradictory. 48 -50 The potential value of A␤ protein during the course of AD progression should be further evaluated.
In addition to CSF BMs, studies by others have focused on plasma BMs. For example, the study by Ringman et al. 51 provided preliminary support for a model in which BMs can predict disease progression in presymptomatic familial AD persons. Participants underwent evaluations for presenilin 1 or APP mutations, and cognitive evaluations with the Clinical Dementia Rating Scale (CDR). The data obtained in this study indicated that plasma A␤ 42 is elevated in familial AD mutations carriers and that this level may decrease with the cognitive decline of disease progression prior to the development of dementia. These results are in conflict with those found by Hulstaert et al.
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BIOMARKERS FOR PARKINSON'S DISEASE
PD may be the second most common neurodegenerative disease after AD, featuring an incidence that increases with age and a higher prevalence throughout the male population. The cardinal symptoms of PD include bradykinesia, hypokinesia or akinesia, muscular rigidity and resting tremor, often progressing to postural instability, gait problems, and freezing. Although attracting considerably less attention, several nonmotor symptoms related to autonomic disturbances, such as hypotension, constipation, bladder and thermoregulatory dysfunctions, and sleep disturbances are manifested. PD may be associated with olfactory dysfunction, depression and anxiety, together with the onset of cognitive deficits and dementia as the disease progresses. 52 The pathological hallmark of PD is represented by degeneration of the nigrostriatal dopaminergic neurons associated to the presence of intracytoplasmatic inclusions of ubiquitin and alpha-synuclein (␣-synuclein) denominated Lewy bodies. It is interesting to note that the motor symptoms characterizing the disease are manifested once degeneration of the dopaminergic nigrostriatal pathway has reached at least 70 to 80%. Numerous recent studies have demonstrated the involvement of several other neurotransmitters, including acetylcholine, noradrenaline, glutamate, and adenosine.
PD is a multifactorial disease, and several factors related to genes, age, sex, and environment may increase the risk of contracting the disease. The most well-established hypothesis concerning the pathogenesis of PD suggests the involvement of a cascade, or cascades, of neurotoxic events, acting in parallel and/or in a sequential chain eventually leading to the demise of the melanin-containing dopaminergic neurons of the SN pars compacta. This cascade includes altered protein degradation, excessive iron accumulation in the SN pars compacta, oxidative stress, glutamatergic excitotoxicity, mitochondrial (complex I deficiency), and ubiquitin-proteasome system dysfunction, leading to abnormal protein folding and aggregation, inflammation, and apoptosis. 53 To date, standard clinical diagnosis has been based on the application of clinical tools, such as the Unified Parkinson's Disease Rating Scale, the Hoehn and Yahr disability test and neuroimaging assessment. No clinical diagnostic test based on biochemical analysis of blood or CSF is as available yet. Thus, there is hope that BMs will help diagnose symptomatic and presymptomatic disease stages.
PREDICTIVE BEHAVIORAL CLINICAL TESTS
Symptoms including sleep disturbances, mood disorders, and olfactory and autonomic dysfunctions (e.g., constipation) have been identified during both the premotor and motor symptomatic phase of the disease. Accordingly, the presence of these dysfunctions may contribute to the clinical diagnosis of PD. The schematic in  FIG. 2 represents the different phases of the disease, from onset to diagnosis.
Presence of sleep disturbance, with reduced rapid eye movements (REM) sleep, and frequent and prolonged waking throughout the night, is commonly associated with PD. REM sleep behavior disorder in patients affected by PD is closely related to incipient cognitive impairment, whereas quantitative motor testing, olfactory deficits, and autonomic symptoms are not. 54, 55 Reduced REM sleep latency (time from sleep onset to the first REM episode) was found in a high proportion in PD patients; however, its incidence was significantly higher in depressed patients, suggesting that differences in latency may be related to depression rather than PD.
Depressed mood is often associated with PD, and several recent studies have confirmed that depression in the PD patient is a major determinant of quality of life. 56 Depression in PD might be associated with a specific loss of dopamine (DA), serotonin and noradrenaline innervation in the limbic system. 57 Interestingly, several studies have suggested that depression in the PD patient is associated with a more rapid deterioration in cognitive function. 56 Olfactory deficits reported in PD are believed to represent a sensitive marker of the disease, which could allow an early diagnosis and help in differentiating idiopathic PD from other diseases with features of Parkinsonism. The diagnostic accuracy of olfactory testing in differentiating PD from other disorders is however insufficient to justify routine clinical use. 58 Olfactory dysfunctions are often measured by means of the University of Pennsylvania Smell Identification Test. Major deficit in olfactory judgment is present in PD, suggesting that this deficit is associated with disruption of olfactory areas situated in the temporal lobes and the prefrontal cortex, 59 although olfactory bulb changes may have an important role.
Diagnostic test battery. Montgomery et al. 60 developed a behavioral diagnostic test battery to provide early diagnosis of PD. The test battery incorporates tests for motor, olfaction, and mood evaluation. As previously mentioned, symptoms of olfactory dysfunction and depression often antedate the diagnosis of PD; addition of the wrist flexion and extension movement test provided a test battery featuring high specificity (88%) and sensitivity rate (69%), not previously achieved by any test alone. The latter battery test has been successfully applied in the prospective identification of as yet undiagnosed patients with signs suggestive of PD who were subsequently diagnosed as affected by the disease.
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MCI. Based on findings reported in several studies on PD featuring dementia and dementia with Lewy bodies (DLB), Troster 62 performed a critical evaluation to determine whether MCI may constitute an early symptom of PD with dementia, and whether it may prove possible to differentiate between PD with dementia, or DLB. The conclusions drawn in the review presently underline how the data available do not allow an adequate evaluation of the use of MCI, which for PD mainly concerns executive functions as a predictive test for PD with dementia. However, the author acknowledged that to date scarce attention has been devoted to cognitive impairment and the role of depression on the latter. Moreover, DLB and PD with dementia, although very similar from a pathological point of view, should be viewed as two separate entities.
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Autonomic dysfunctions. These include orthostatic dizziness, constipation, bladder dysfunction, pain, erectile dysfunction, and hyperhidrosis are associated with PD and appear as early symptoms prior to the onset of motor disorders. A new diagnostic strategy using skin biopsy, as developed by Sommer and Lauria, 63 and applied to PD patients by Rossi et al., 64 suggests that small peripheral fibers may be reduced in PD patients. Analysis of small caliber sensory nerves might therefore represent a suitable approach for use in the characterization of early autonomic dysfunctions in PD.
BIOCHEMICAL MARKERS
As previously mentioned, no laboratory tests for use in the detection of blood or CSF BMs correlating with sporadic forms of PD are currently available. We present here a series of BM tests of the clinical application of which is advised, together with other tests already applied in preliminary form, for the previously mentioned purpose.
A pioneer study performed by Harrington and Merril, 65 described differences in CSF protein pattern in PD patients compared to healthy controls. Subsequently, additional studies performed on lymphocytes or platelets of PD patients have detected subtle abnormalities in DA signaling [66] [67] [68] or mitochondrial functions, 69 -72 which con-
FIG. 2. Pre-diagnostic phase of Parkinson's disease (PD)
. Cerebral dopamine depletion, the hallmark of PD, develops slowly, and gradually progresses over years (pre-symptomatic phase). Before cardinal motor symptoms of PD appear, several nonmotor symptoms are present (nonspecific symptoms). At present several symptoms, including sleep disturbances, mood disorders, and olfactory and autonomic dysfunctions (e.g., constipation) have been identified during the pre-motor symptomatic phase. The presence of these dysfunctions may contribute toward an early clinical diagnosis of PD. These nonspecific symptoms persist in the motor phase when the cardinal symptoms of PD: bradykinesia, hypokinesia and akinesia, muscular rigidity, resting tremor, postural instability, gait problems, and freezing appear (more specific symptoms).
stitute hallmarks of PD. None of the latter abnormalities, however, has reached the phase of clinical screening. Activation of glial cells has been consistently found in the brain of patients affected by PD. The variations in prostaglandin D synthase isoforms described by Harrington et al. 73 are of great interest, because this reflects the pathophysiology of meninges and glia, which are a source of prostaglandin D. The reported reduction of the prostaglandin D synthase isoforms variant 3 and 4 in CSF of PD patients, measured through two-dimensional gel electrophoresis and mass spectrometry, correlated to changes described in glial cells by several studies, suggesting the suitability of these isoforms as candidate diagnostics markers having a predictive value.
An unexpected, possible BM, linked to a reduced risk of PD, is the concentration of serum urate, the main end-product of purine metabolism. 74, 75 Moreover, serum urate levels inversely correlate with progression of the disease. 76 Urate exerts an antioxidant efficacy comparable to that displayed by ascorbate; accordingly, the high levels registered may act as a defense against oxidative damage, the main acknowledged cause of PD. Urate is implicated in cerebrovascular diseases; therefore, rather than being used as a neuroprotective agent, its blood levels may serve as an indirect marker of neuroprotection in neurodegenerative diseases, such as PD. In addition, urate may be of use in neuroprotective trials as an index of disease progression. 76 Another interesting field of potentially useful BMs for PD is the differential expression of complement proteins. 77 Several types of unidentified proteins present in blood serum have been studied by means of quantitative two-dimensional gel electrophoresis as BMs for use in the diagnosis of neurodegenerative diseases. 77, 78 By using this technique, 34 different serum proteins have been identified in PD and amyotrophic lateral sclerosis, nine of which belong to the complement system. Indeed, differences have been reported between the components of complement C3c and complement factor H and B in affected subjects compared to controls. Differential expression of complement proteins may represent potentially useful BMs for amyotrophic lateral sclerosis and PD. 79 These findings lend further support to evidence suggesting that inflammatory processes involving complement cascade elements may be involved in the onset of PD.
Using CSF of PD patients, Zhang et al. 80 reported on the first large scale proteomic experiment, the presence of novel BMs for PD and AD. Of these BMs, however, only A␤ and tau proteins displayed different levels among controls, AD and PD, and between AD and PD as expected. In contrast, the remainders (i.e, ␤DNF, IL-8, vitamin-D binding protein, ␤ 2 -microbulin, haptoglobin, and apolipoprotein A-I, A-II, and E) were significantly different from healthy controls, but did not differ between PD and AD.
GENETIC MARKERS
Parkinsonism has long been viewed as a "sporadic" disorder, although a familial component was noted over a century ago. 81, 82 It was not until the last decade that the contribution of genetics to familial forms of PD became more generally acknowledged. At present, 12 genomic chromosomal regions and eight pathogenic mutations in genes unequivocally linked to familial PD, such as autosomal dominant and autosomal recessive PD, have been identified. 83 The identification of single mutated genes linked to heritable forms of PD has further enlightened our understanding of its etio-pathophysiology in the non-genetic cases by providing potential molecular pathways that may help in the early identification of the disease and its treatment.
Interestingly, DJ-1 (PARK7) and ␣ -synuclein (SNCA), two critical interacting proteins, displayed modifications in CSF, serum, or plasma levels in sporadic PD. Lower CSF levels of ␣-synuclein have been observed in neurological diseases with primary synucleinopathy, such as DLB and PD, 84 whereas plasma levels were increased. 85 These studies have described interesting methods for use in the quantification of ␣-synuclein in biological fluids in diseases characterized by synucleinopathy. No differences were reported in serum DJ-1 levels measured in PD patients and healthy controls in a study performed by Maita et al., 86 whereas other studies performed in CSF or plasma reported higher DJ-1 levels in PD patients than controls. 87, 88 Moreover, while upregulation of CSF DJ-1 levels in early stages of PD was more marked compared to levels observed in advanced stages and in controls, plasma DJ-1 levels appeared to be higher in advanced disease. Likewise, these studies revealed similar increases in PD and in neurological diseases with primary synucleinopathy. 87, 88 How DJ-1 and ␣-synuclein in biological fluids may be of use as BMs in differentiating PD from other neurological disorders remains to be established.
For the scope of BMs in neurodegenerative diseases, it should be borne in mind how clinical proteomic and consequently predictive BMs are strongly influenced by pre-analytical factors, such as time or condition of storage. 89 Accumulation of altered proteins and impaired protein clearance may underlie the onset of PD. Recent advances made in methodological procedures used in the study of PD-associated proteins involving the systematic combined use of BMs may lead to findings capable of providing a crucial contribution to enhancing diagnosis of PD.
NEUROIMAGING MARKERS
Imaging PD involves either detecting alterations in brain structure or examining functional changes in brain metabolic systems. In PD, degeneration of the dopaminergic system is accompanied by a cholinergic, noradrenergic, and serotonergic dysfunction. Function of these dopaminergic and nondopaminergic systems can be imaged with PET and SPECT and correlated with motor and nonmotor disturbances. Dopa decarboxylase activity at DA terminals and DA turnover can both be measured with 18 F-dopa PET. Presynaptic DA transporters (DATs) can be followed with PET and SPECT tracers, such as 123 I-2␤-carbomethoxy-3␤-(4-iodophenyl)-N-(3-iodophenyl)tropane while vesicle monoamine transporter density in DA terminals can be examined with 11 Cdihydrotetrabenazine PET. Measurements of DA terminal function can sensitively detect DA deficiency in both symptomatic patients and individuals at risk for parkinsonian syndromes, 90 but have poor specificity for discriminating between typical and atypical PD. On the other hand, measurements of glucose metabolism with [ 18 F]-fluoro-deoxy-D-glucose PET can be very helpful as normal or raised levels were found in the lentiform nucleus of PD, but levels were reduced in multiple system atrophy and progressive supranuclear palsy. 91 MRI and transcranial sonography can reveal brain structural changes, such as volumetric reduction and hyperechogenicity of certain midbrain and striatal areas in patients with PD. 92 Recent structural neuroimaging studies applying noninvasive transcranial sonography have shown that more than 90% of PD patients show hyperechogenicity of the SN compared to healthy individuals 93 and this could be related in part to an increased iron content of the SN. 94 Even more, in young healthy adults who presented increased echogenicity of the SN, a functional impairment of the nigrostriatal system was evident. Brain areas responsible for motor functions (extrapyramidal regions) appear to have more iron than nonmotor-related regions, which might explain why movement disorders are commonly associated with iron imbalance. 95, 96 This preferential iron localization might directly increase the susceptibility of neurons and surrounding cells to toxins and inflammatory processes. High concentrations of reactive iron contributes to the enhanced generation of reactive oxygen species, which in turn can increase oxidative stress and protein aggregation, including the aggregation of ␣-synuclein and A␤, two major contributors of PD and AD pathology, respectively.
Transcranial sonography and MRI might be particularly valuable for revealing a susceptibility to PD that can be detected early in life prior to the clinical manifestation of PD, although they correlate less well with either clinical status or loss of DA terminal function in the striatum. By contrast, PET and SPECT measurements of DA terminal function correlate significantly with clinical disability. 90 In summary, although the available BMs for PD are promising, none of them can predict the disease with a high percentage of certainty, thus it seems, like in AD, the best diagnosis will require a combination of markers and clinical assessment.
TRANSCRIPTOMIC SIGNATURES FOR EVALUATION OF CLINICAL EFFICACY OF NEUROPROTECTIVE DISEASE-MODIFYING THERAPY
It is well accepted that PD is a multisystem disorder involving both brain and peripheral areas, in which predisposed neuronal cell types in specific regions of the human peripheral, enteric, and CNS become progressively involved. 97 Accordingly, the damage to SN pars compacta occurs later in the course of the disease, whereas other brain areas and peripheral tissues are initially affected at the pre-symptomatic phase of the disease. Currently, available measures of neuroprotection are indirect and comprise functional imaging and clinical outcomes, however, which do not always correlate. This limits the ability to test neuroprotective drugs with disease-modifying ability. Clearly, the identification of suitable valid BMs that can be monitored from preclinical stages in asymptomatic "at-risk" subjects, will allow the capturing of high-risk individuals in the valuable therapeutic window of about 5 years before the appearance of clinical signs. In addition, specific BMs will permit assessment of the potential activity of specific therapies and development of CNS target-directed personalized drugs.
Gene expression profiling of sporadic PD SN
The current unsatisfactory situation with early diagnosis and available measures of neuroprotection in PD has prompted researchers to look for new approaches using smart, advanced biotechnology. During the course of the past decade, we are witnessing the advent of high throughput gene and protein techniques, which are becoming especially relevant in the neuroprotective field for aging and neurodegenerative diseases, because they can provide important targets to develop disease-modifying therapies that may have an impact. Recent high microarray-assisted large-scale transcriptomic studies in human postmortem SN from sporadic PD have revealed significant dysregulation of genes from biological processes linked to previously established neurodegenerative mechanisms both in sporadic and hereditary PD. These include protein aggregation, mitochondrial dysfunction, oxidative stress, cell cycle, vesicle trafficking, synaptic transmission, DA metabolism, and cell adhe- Interestingly, all the gene expression profiling studies conducted so far in the SN of PD patients reported a dysfunction in vesicle trafficking and synaptic transmission functional group, such as syntaxin-1 (STX1), synaptotagmin-1 (SYT1) and synapsin 1 and 2 (SYN1,2). It is possible to speculate that these proteins may functionally overlap in a common pathway of cytoskeletal maintenance and intracellular vesicle transport. Also, all the studies revealed a consistent elevation in heat-shock proteins/stress genes, such as the endoplasmic reticulum protein homocysteine-inducible, endoplasmic reticulum stress-inducible, ubiquitin-like domain member 1 (HERPUD1), and DnaJ 54 ) SKP1A (a ubiquitin E3 ligase component), chaperones, and proteasome subunits can lead to a general impairment in the normal degradation of wide arrays of proteins, which may include activators of cell cycle, ␣-synuclein, parkin, iron regulatory protein 2 (IRP2), hypoxia inducible factor (HIF). Their decline can cause evasion of proteins directed to degradation. Aldehyde dehydrogenase (ALDH) and alcohol dehydrogenase (ADH) are involved in the degradation of aldehyde derivatives of dopamine (DA), generated by the action of monoamine oxidase (MAO)-A and MAO-B. These highly reactive, neurotoxic aldehydes can accumulate in case of decreased levels of ALDH and ADH and promote neuronal death. Neurodegeneration can also result from impaired iron transport across the blood-brain barrier, release of iron from ferritin or neuromelanin, generation of reactive hydroxyl radicals (OH•) and induction of OS in the SNpc DA-containing neurons. In addition, free (labile) iron can cause aggregation of ␣-synuclein and degradation of IRP2 via activation of prolyl-4-hydroxylase (PHD2, encoded by EGLN1), which is a key iron and OS sensor. This in turn results in proteasomal degradation of HIF and IRP2, with subsequent decrease in cell survival/proliferation, glucosem and iron metabolism genes. The various familial PD associated genes (e.g., ␣-synuclein, parkin, DJ-1, LRRK2) have been intercalated at different molecular pathways to illustrate potential cross-talks sites common to sporadic and hereditary PD. PSMC4 ϭ proteasome (prosome, macropain) 26S subunit, ATPase 1/4; PSMA ϭ proteasome (prosome, macropain) subunit; ADLH1A1 ϭ aldehyde dehydrogenase 1 family, member A1; ADH5 ϭ alcohol dehydrogenase 5; AADC ϭ aromatic amino acid decarboxylase; SYN ϭ synapsin; SYT ϭ synaptotagmin; STX ϭ syntaxin; HSPA ϭ heat shock protein A; DNAJB ϭ DnaJ (Hsp40) homolog, subfamily B; CHIP ϭ carboxyl-terminus of Hsc70 interacting protein; SKP1A ϭ S-phase kinase-associated protein 1A(p19A); SCF ϭ SKP, Cullin, F-box protein; ROS ϭ reactive oxygen species.
(Hsp40) homologue subfamily B, members 1 and 5 (DNAJB1/5), heat shock proteins A1A and A1B (HSPA1A, HSPA1B), and heat shock 27kDa protein 1 (HSPB1) 53 .
Blood expression profiling of sporadic PD Currently, there is no laboratory blood test that can diagnose PD, making the detection of individuals at risk or at earliest stages of PD practically impossible. For a BM to be clinically useful, noninvasive detection in accessible peripheral tissue is desirable. Blood lymphocytes may offer valuable surrogate markers for neuropsychiatric disorders, as they share significant gene expression similarities to more inaccessible CNS tissues. 98 Despite the differences in embryonic lineage and biological function between blood and brain, this correlation could be explained, in part, by the fact that blood cells circulate through many different body tissues and thus, may be exposed to the same toxic atmosphere surrounding, for instance, the dopaminergic neurons in the SN pars compacta. Under these circumstances, the blood cells can alter their transcriptome in response to pathological perturbations, acting as "sentinels," as recently proposed. 99 For example, a recent high throughput microarray gene analysis applied concomitantly to peripheral blood cells and dorsolateral prefrontal cortex from schizophrenia patients, has revealed a concurrent validation of a subset of genes, which may be considered reliable candidate risk genes and BMs of the disease. 100 Regardless of which disease is investigated, the most precise results will be obtained for a carefully selected subset of genes that show similar expression profiles across blood and CNS tissues. 98 Recently, Scherzer et al. 101, 102 have published the results of a transcriptomewide scan in whole blood tissue from early-staged PD individuals and age-matched controls. The authors reported under-expression of the HSP70-interacting protein ST13 and coexpression and coinduction of SNCA gene with critical enzymes of heme metabolism, in patients with PD versus healthy individuals. These findings suggest that blood and neuronal cells might have a common regulatory mechanism for gene expression. Analogous to drug development and approval, novel candidate BMs for PD risk assessment will require additional cohort studies including larger PD population size, adequately selected on the basis of disease onset, date of medication initiation, and follow-up program, as well as controls with other neurodegenerative diseases.
As with any clinical assay, standardized measures for blood sample collection (e.g., stabilization of blood transcriptome) and shipping is of utmost importance before the process of RNA extraction to reduce pre-analytical variability.
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CONCLUSIONS
The development of neuroprotective strategies is greatly hindered by the lack of markers capable of serving as objective surrogate endpoints for clinical trials testing these treatments. Several experimental methods have been used to identify BMs in early disease stage, most studies have examined only a single BM, thus preventing assessment of their relative sensitivities and specificities. Although these BMs are promising, none of them can predict AD or PD with 100% confidence nor provide a clear delineation of subgroups at risk and thus, a combination of markers may be necessary. This seems difficult, especially because they are costly, invasive, or unsuitable for broad application.
The rapid growth of molecular biology and laboratory technology has expanded to the point at which the application of technically advanced BMs becomes broadly available and applicable. Such BMs and the additional occurrence of complementary markers will be useful in mapping disease pathogenesis and defining subjects at risk for AD and PD. Of particular importance, they would be able to determine the clinical efficacy of novel disease-modifying (neuroprotective) strategies.
